voluntarily controlled actions. In this task, subjects are presented with a suddenly appearing visual stimulus in the periphery (left or right) and have to suppress an eye movement toward it, in order to look to the opposite empty hemifield (an antisaccade). Subjects fail frequently to suppress this involuntary response; therefore, a good number of both voluntary movements (antisaccades) and involuntary movements (prosaccadic errors) are made. Within this empirical paradigm, we can test the competitive nature of involuntary versus voluntary control over eye movements and the factors that influence either (or both) type of eye actions.
Introduction
The antisaccade task (Hallett 1978; Evdokimidis et al. 2002) is a particularly useful visual task that reveals subjects' ability to override prepotent involuntary responses and initiate process facilitates the voluntary antisaccade. Likewise, monaural sounds, which are spatially congruent, before the start of an antisaccade produce a facilitation of that voluntary action (Kirchner and Colonius 2005) . Kirchner and Colonius, like Kristjánsson et al., concluded that the facilitation resulted from easier suppression of the prosaccadic error due to the distraction (capacity limitation) from the sound interfering with the involuntary programming.
However, orienting attention and capacity limits are but two components of attention. As Posner and Boies (1971) originally suggested, attention can be parsed into at least three different components: (1) orienting to positions or objects in space, (2) capacity limits, and (3) arousal. Arousal plays an important role in our cognitive capabilities (Robbins and Everitt 1995) from the extreme of lesions to the reticular activating system leaving people in coma (Foltz and Schmidt 1956) to the daily intracortical modulations of cognitive systems by arousal (Munk et al. 1996) . While capacity limits of attention can influence beneficially the voluntary component of eye movements (antisaccades) and orienting can impede or facilitate the voluntary component of eye movements, it remains unclear whether arousal has a differential effect on involuntary and/or voluntary eye movements.
There is evidence that arousal plays at least some role in eye movements. Subjects' eye movements in general are biased toward arousing unpleasant (LaBar et al. 2000) and pleasant pictures (Calvo and Lang 2005) . Moreover, arousing stimuli, such as rewards and punishments (Blaukopf and DiGirolamo 2005 , 2006 Milstein and Dorris 2007) and emotional pictures (Kissler and Keil 2008) , influence not just where people look, but also the speed of saccadic reaction times (sRTs). And, antisaccades in an antisaccade task and prosaccades in a prosaccade task are speeded when a central warning sound is played prior to the eye movement (Kristjánsson et al. 2004) . While prosaccades during a prosaccade task and prosaccadic errors during an antisaccade task are similar in that both eye movements are executed toward the go signal, they are also fundamentally different. Prosaccades during a prosaccade task are voluntary and the goal of the participant. Eye movements toward the suddenly appearing light during an antisaccade task are not voluntary as they are against the participant's goals. Hence, prosaccades during a prosaccadic task contain a significant voluntary component. Whether arousal plays a critical role in purely involuntary actions (prosaccadic errors during an antisaccade task) has yet to be determined.
At least some very basic involuntary processes (e.g., the eye blink reflex and stretch reflex) are influenced by arousal (Bohlin and Graham 1977; Low et al. 1996) or arousing stimuli (i.e., reward, Chen and Wolpaw 1995) . Indeed, Low et al. (1996) demonstrated that an irrelevant sound sped both a manual choice reaction time to a light and the eye blink response to the same light. Speeding of an involuntary response via an irrelevant (but arousing stimulus) has a long history; for example, more than 100 years ago, Bowditch and Warren (1890) demonstrated that an air puff to the neck facilitates an involuntary knee-jerk reflex as much as 200 ms prior to the stimulus that elicits the reflex.
The current studies were designed to investigate the influence of one component of attention (arousal) on both voluntary and involuntary movements. While the benefits of arousal on some voluntary processes have been demonstrated (e.g., Kristjánsson et al. 2004 ) and the benefits of arousal on some involuntary processes have also been seen (e.g., Bowditch and Warren 1890), it is unknown what effect arousal will have on these processes when they are paired against each other in the same action selection. Specifically, these studies investigated the influence of arousal on involuntary movements to determine if arousal, a critical component of attention, has a stronger effect on involuntary action as indexed by prosaccade errors during an antisaccade task. If the beneficial effects of arousal are greater for involuntary than voluntary processes, then, during the antisaccade task in which there is high competition between involuntary actions and voluntary actions, more errors will be made in this task. In today's highly arousing and stimulating environment, knowing if arousal increases the likelihood of automatic actions even when they are inappropriate for the goals of the subject is critical.
Hence, the aim of Experiment 1 was to investigate the influence of arousal on both voluntary and involuntary eye movements (antisaccades and prosaccadic errors, respectively).
Experiment 1 Methods

Subjects
Thirty-two participants (14 males, 18 females; all aged between 18 and 35 years) gave informed consent and took part in the experiment. All reported normal or corrected-tonormal vision. Participants were paid for their time. In this and the next experiment, participants' data were excluded from an analysis if they did not contribute three or more trials in a condition, in which all saccadic reaction times were consistent, to provide a stable saccadic reaction time DiGirolamo 2005, 2006) . Of the 32 subjects, two were discarded because they made insufficient voluntary movements to reliably average and seven had insufficient involuntary movements to fill every condition, leaving 23 subjects. All participants gave informed consent and were treated in accordance with the ethical standards of the Declaration of Helsinki and the American Psychological Association.
Materials and procedure
Stimuli were presented on a 21-inch color monitor placed at a viewing distance of 70 cm from the subject. The resolution of the screen was 1024 × 768 pixels. Eye movements and pupil size were recorded with an EyeLink 1000™ eye tracker with 1000 Hz sampling and ~0.1° of resolution. Prior to the start of the experiment and after each rest, eye position was calibrated, as well as recalibrated after every eight trials, to ensure accurate tracking of the eye.
Participants completed one block of 96 trials. 1 Sound stimuli were presented randomly such that 48 trials contained a sound and 48 trials were silent. The 12 sound stimuli were 175-ms-long samples of grating noises (e.g., dentist drill), presented binaurally at ~72 dB via headphones. We used sounds that were unpleasant to increase the level of arousal with such a short sound.
Each trial began with a black screen showing a central white fixation cross (0.4° × 0.4°) flanked by two red outline boxes (2.5° × 2.5°), 7.2° to the left and right of the center of the cross. The fixation was presented for between 1400 and 1800 ms. On each trial, fixation was ensured before the trial proceeded. During half the trials, one of the 12 sounds started 300 ms before removal of fixation on half of the trials. In remaining 48, no sound was played, and these were the silent trials. One hundred milliseconds after the fixation cross's removal, one of the two red boxes flashed white for 40 ms. This flash, the cue, served two purposes. First, the cue served as an effective visual warning signal to give participants accurate information, on both sound and silent trials, about when the go signal would occur. Second, the cue increases the number of prosaccadic errors that participants make (Fischer and Weber 1996; Fischer et al. 1999; DiGirolamo 2005, 2006; Klein et al. 2007) , yielding sufficient data for meaningful analysis of prosaccadic error reaction times. Sixty ms after the offset of the cue, the go signal, a small white square (0.4° × 0.4°) appeared in the center of the red box opposite the one in which the cue appeared. Participants had to make their response, an antisaccade to the opposite box from where the go signal appeared, within 650 ms after the onset of the go signal, after which the display cleared (see Fig. 1 ). Participants were instructed to look at the central fixation and to move their eyes to the center of the red box opposite the go signal after the go signal appeared.
An eye movement was classified as a saccade when its velocity reached 30 deg/s or its acceleration had reached 8000 deg/s 2 . Trials in which the eye movements were executed under 80 ms after the onset of the go signal were considered anticipations and discarded (Wenban-Smith and Findlay 1991; Fischer and Weber 1996) , as were trials where an eye blink occurred. For every trial, the first saccade following the go signal was labeled either a prosaccadic error (involuntary action) if it landed in the box that contained the go signal or an antisaccade (voluntary action) if it landed in the opposite box from the go signal.
In addition to the location and speed of the eye movement, we also measured pupil dilation as an index of arousal on each trial . Previous research has demonstrated that pupil diameter correlates exceptionally well with other physiological measures (increased skin conductance response or increased heart rate) of arousal and is a good indicator of arousal van Steenbergen et al. 2011) . While pupil diameter is a good index of arousal, it also peaks slowly, often 1-1.5 s after the sound ). For the current study, it is critical that a change in pupil diameter, indexing arousal, was found when the eye movement had to be executed. Hence, we measured the pupil diameter using a 10-ms time window around the onset of the go signal, when the eye movement must be chosen and executed. The error rates (%), sRTs (the time from the appearance of the go signal to the start of the saccade), and pupil diameter were analyzed using analysis of variance (ANOVA) or t tests.
Results
First, we needed to ensure that our sound stimulus actually produced a physiological reaction consistent with arousal, and this change in arousal was present when the saccade was to be made. We compared the size of the pupil diameter when the go signal occurred and contrasted the size of the pupil response during sound and silence. As Fig. 2 shows, pupil diameter at the time of the go signal was significantly larger on sound trials than silent trials [t(31) = 5.19, p < .0001]. Hence, these data demonstrate that the sounds produced a pupillary response consistent with a change in arousal . In short, the sound produced a pupillary response consistent with a change in arousal, and most importantly, that change was present when the saccade was to be initiated.
Next, we analyzed the percentage of involuntary actions (errors) and sRTs based on saccade type (voluntary vs. involuntary) and arousal conditions (sound vs. silence). First and foremost, as the left side of Fig. 3 shows, involuntary eye movements significantly increased during the sound trials compared to the silent trials, with t(22) = 4.03, p < .002. The presentation of a sound significantly increased the number of involuntary eye movements that participants made. To preview the coming analyses of the sRT data, the sound also facilitated the speed of the involuntary eye movements.
As expected, voluntary sRTs were slower than involuntary sRTs [M = 267 ms, SEM = 11 ms vs. M = 183 ms, Table 1 ). The benefit effect (difference between silent sRTs minus sound sRTs) for the voluntary eye movements was 7 ms and was not significant, with F(1, 22) = 1.84, p = .19. In contrast, the sound's effect on involuntary eye movements was 40 ms and significant, with F(1, 22) = 13.00, p < .003.
An alternative reason for more facilitation (increased numbers and faster execution) for involuntary movements can be attributed to the relative speed of the different movements. As involuntary sRTs are significantly faster than voluntary sRTs, the arousing sound occurred closer in time to the involuntary movement onset. It is possible that arousal is equally beneficially for both types of movements, but is quickly dissipating, and the voluntary movement happens too late to retain the full benefit of the arousing stimulus. To try to address this interpretation, we performed an additional analysis where we equated the speed of the voluntary and involuntary sRTs. We ranked separately each subject's voluntary sRTs and involuntary sRTs. We then iteratively included the fastest voluntary sRT and the slowest involuntary sRT in each condition until parity was achieved. After adding 12 data points in each condition, involuntary sRTs 
Experiment 2
In Experiment 1, following a sound, the number of involuntary eye movements significantly increased and involuntary sRTs were significantly faster compared to silence. While an increase in arousal is one likely mechanism for the changes in the involuntary actions, there are other possibilities that must be ruled out. Experiment 1 used a well-established version of the antisaccade task that incorporated a pre-cue prior to the flash of the go signal to increase errors (Fischer and Weber 1996; Fischer et al. 1999; DiGirolamo 2005, 2006; Klein et al. 2007 ). The addition of another factor (the sound on arousal trials) increased the amount of information during the sound trials to be processed relative to the silent trials, hence increasing the difficulty of the task which might explain more involuntary movements (errors). To test this alternative hypothesis, Experiment 2 used a simplified anti-saccade task without a pre-cue. This minor alteration allows a direct replication of Experiment 1 and decreases the amount of information the participants had to process on each trial.
Second, involuntary sRTs could have been influenced more by arousal as the onsets of these movements are faster than the onsets of voluntary eye movements. Since the arousing sound in Experiment 1 always occurred 500 ms prior to the go signal, the influence of the sound could have dissipated by the onsets of the voluntary movements that are, on average, 80-170 ms slower than involuntary eye movements. In Experiment 1, an additional analysis demonstrated that involuntary actions were significantly more speeded than voluntary actions even when sRTs for the two movement types were equated. However, this analysis, while useful, is not a rigorous test. In Experiment 2, we manipulated the onset of the arousing sound relative to the go signal to test the time course of the influence of the sound on eye movements.
Methods
Subjects 20 participants (8 males, 12 females; aged 18-22 years) gave informed consent and voluntarily took part in the experiment. All reported normal or corrected-to-normal vision. As before, if participants did not contribute a stable sRT in the condition in the analysis, their data were excluded for that comparison.
Procedure
The methods and procedures were identical to Experiment 1 with the following exceptions. The go signal appeared with no intervening pre-cue. To ensure that participants could not predict the onset of the go signal, the interval between the offset of the fixation and the onset of the go signal was varied (1100, 900, 700 ms). As Fig. 1 (on right) shows, on sound trials, the interval between the onset of the sound stimulus and the onset of the go signal was also varied (500, 300, 100, 0 ms). Finally, there were three blocks of trials with 180 trials in each block. Each block consisted of 36 silence trials and 36 trials of sound at each SOA (144 sound trials). As in Experiment 1, each factor was counterbalanced and trials randomized within each block. There was a short break between each block, and the calibration procedure was conducted at the beginning of the experiment and after the breaks. A drift correction occurred after every nine trials.
The proportion of involuntary actions at each SOA was analyzed between the two conditions (silent vs. sound). The sRT data were analyzed based on saccade type (voluntary antisaccade or involuntary prosaccade), and arousal condition (sound or silent) at each SOA (500, 300, 100, 0 ms) between the sound and the go signal.
Results
To begin, we again wanted to ensure that our sound stimulus produced a physiological response consistent with an arousal effect. As before, we compared the size of the pupil diameter during sound trials to the silent trials at the go signal. We found a significant difference in the size of the pupil based on our conditions, with F(4, 76), p < .005. Pupil diameter was significantly larger for all sound conditions (p < .01) with the exception of the 0 SOA condition where the effect was marginal (p = .07). Hence, these data demonstrate, as in Experiment 1, that the sounds produced a pupillary response consistent with change in arousal ) when the eye movement must be selected.
As the right panel of Fig. 3 demonstrates, we found a main effect of condition across the SOAs in the number of involuntary movements, with F(4,40) = 3.69, p < 0.02. As before, when the sound occurred 500 ms before the go signal, the number of involuntary eye movements increased significantly during the sound trials compared to silence, t(19) = 2.34, p < .03. These data replicate our previous results in a simpler paradigm demonstrating an increase in the number of involuntary movements following a sound. The number of involuntary movements did not significantly change if the sound preceded the go signal at either the 300 or 100 ms SOA (t < 1.5 in both cases). When the sound and the go signal occurred simultaneously (0 ms SOA), the number of involuntary errors did not increase. In fact, participants were significantly less likely, t(15) = 2.32, p < .04, to make an involuntary eye movement in this condition than in the silent condition. These data suggest that the increase in involuntary eye movements in Experiment 1 were not caused by a difficulty in processing based simply on the number of events in the arousal condition (sound and then go signal) compared to the silent condition (just go signal). During the condition in this experiment where participants are processing two events simultaneously (sound and go signal), participants responded by decreasing the number of involuntary errors they made. To preview our RT data, they accomplished this reduction in involuntary movements by significantly slowing down their voluntary sRT. In short, when faced with simultaneous events, participants are more likely to be careful to execute a voluntary response even if sacrificing the speed of that voluntary action.
In all cases of the sRT data, involuntary movements were significantly faster than voluntary movements (p < .001). As in the error rate data, there was a main effect of condition with F(4, 40) = 11.49, p < 0.001. The main analysis of interest was the difference between movement type (involuntary vs. voluntary) and condition (silence vs. sound) at each SOA.
As Table 1 indicates, when the sound preceded the go signal by 500 ms (a replication of our condition in Experiment 1), sRTs were significantly faster during the sound conditions than the silent condition, with F(1, 19) = 8.43, p < .01. As in Experiment 1, involuntary sRTs were significantly faster during sound trials than silent trials. In this experiment, however, the sound condition did not significantly interact with the voluntary and involuntary sRT (F < 1). In short, the sound produced a speeding in both the involuntary and voluntary movements compared to the same conditions in silence.
When the sound preceded the go signal by 300 or 100 ms, there was no effect of the sound on sRT and no interaction, with p > .15 in all cases.
When the sound and the go signal occurred simultaneously (0 SOA), there was a trend toward a significant main effect of condition (sound vs. silent), with F(1, 15) = 4.06, p = .06. This main effect was qualified by a significant interaction [F(1, 15) = 5.50, p < .04]. Voluntary sRTs during sound trials were significantly slower than during silence, t(15) = 4.80, p < .001. These data, combined with the error rate data demonstrate that participants are trading off the speed of a voluntary action, under confusing conditions, to ensure that they successfully carry out the voluntary response. There was no effect on involuntary sRTs when the sound occurred with the go signal compared to the silent condition, t < 1.
As in Experiment 1, a sound presented 500 ms prior to a go signal significantly increased the likelihood of executing an involuntary movement and reduced the speed of that involuntary eye movement. These data demonstrate that an arousing sound has a unique influence at 500 ms prior to the start of an eye movement, with increases in number of involuntary eye movements and faster execution.
General discussion
A sound prior to the execution of an eye movement had a differential effect on voluntary and involuntary eye movements. The sound, which produced a physiological reaction consistent with arousal, significantly increased the number of involuntary actions likely to be executed (Experiments 1 and 2) and significantly increased the speed of involuntary (Experiments 1 and 2) and voluntary eye movements (Experiment 2). Moreover, our data suggest that this influence on involuntary action has a specific time course with an arousing sound 500 ms before the action being critical. Other intervals closer to the go signal were ineffective in producing either an increase in the number of involuntary actions or a speeding in sRT. In Experiment 2, a simultaneous presentation of the sound and the go signal led to significantly less involuntary actions. At this simultaneous interval, participants were able to control the involuntary movement by slowing their action response (voluntary sRTs were significantly slowed) and hence prevent the involuntary response. However, in both experiments, at a 500-ms SOA between the arousing stimulus and the time of action choice, involuntary actions were significantly facilitated with an increase in the number of these involuntary actions and a speeding of the involuntary action. This interval may seem to far-removed from the actual action to be an arousal effect; however, there is a significant history of research (Bowditch and Warren 1890; Stahl and Rammsayer 2005) that shows that involuntary actions are influenced at longer fore-period and the fore-period length differs with different involuntary actions and voluntary actions (for a review, see Hackley 2009 ). For example, a puff of air to the neck 200 ms prior facilitates the knee-jerk reaction (Bowditch and Warren 1890) , whereas to influence manual reaction times, the warning signal can occur as much as 100 ms after the stimulus to-be-responded-to has occurred (Stahl and Rammsayer 2005) . The wellknow Yerkes-Dodson curve (Yerkes and Dodson 1908) for arousal has suggested that different levels of arousal change optimal performance with too little or too much arousal impeding behavior. Likewise, differing temporal intervals from the arousal stimulus to the to-be-executed action may have differential effects, even when the level of arousal is constant (i.e., the same arousing stimulus). Moreover, the time course of arousal to influence actions may be different between involuntary and voluntary actions for optimal effects. Within our own data, we demonstrated that the sound stimulus was effective only at 500 ms prior to the onset of the go signal. These data suggest that 500 ms prior to an eye movement is a good point on a temporal curve for arousal effects on involuntary eye movement. It may take the full 500 ms for the physiological reactions to have its influence on the involuntary action. It is important to note that at least 500 ms SOA for a significant effect of arousal on involuntary attention is the lower bound, we do not have data defining the upper bounds. A recent study by van Steenbergen et al. (2011) , however, may help to define the upper bound. In this study, positive and neutral pictures were shown prior to either an antisaccade or prosaccade task. Pupil diameter increased for the negative and positive pictures but not the neutral, demonstrating an arousal effect consistent with this stimulus set ) and with the current data. Relevant for the present discussion, there was no change in error rate for the antisaccade task across the picture types. In short, showing an arousing stimulus did not increase the number of prosaccade errors (involuntary movements). However, the arousing stimulus preceded the task by a minimum of 1700 ms. While it is difficult to reason from a null result, this paper (van Steenbergen et al. 2011 ) and the current experiments suggest that the arousal effect for involuntary movements starts at 500 ms and has dissipated by 1700 ms maximum.
What does arousal do? Some researchers have argued that increased arousal facilitates sensory analysis of the visual stimuli (Bernstein et al. 1970) . Recent work (Deuter et al. 2013 ) has shown that a startling stimulus 500 ms before a voluntary saccade (either toward or away from the image) benefits the voluntary response with decreased sRTs. These authors argued for sensory and attentional processes reduced by the increased arousal following a startling stimulus. However, other theories argue that since more errors are made in the presence of an arousing accessory stimulus, the effect of arousal is best described as reducing the time for response selection in the absence of any increase in quality of information (Posner 1978; Stahl and Rammsayer 2005; Hackley 2009 ). Event-related potential data suggest no change in the lateralized readiness potential, suggesting that if arousal influences responses, it must be very early in response selection process (Hackley and Valle-Inclan 1999) .
Several papers (e.g., Munoz and Everling 2004 ) have modeled antisaccade programming as a race between the involuntary prosaccadic programming and the voluntary antisaccadic programming. Given the independent processes competing for fastest execution, Massen (2004) has logically argued that selectively slowing the involuntary processes should reduce the error rate (as less involuntary movements will win, i.e., be executed). Likewise, slowing the voluntary component should increase the error rate (as more involuntary movements will win). Obviously, if both components are slowed or speeded equally, then there should be no change in error rate. This theory has been a useful framework in which to understand the effect of various factors on voluntary and involuntary movements.
Given our present findings, we suggest that the sound influences both movement types as both involuntary and voluntary movements were sped, though the former were more influenced (but see also, Kirchner and Colonius 2005) . This effect on voluntary movements would also explain Kirchner and Colonius's data for speeded antisaccades with spatial congruent sound stimuli. However, the present study also demonstrated increased numbers of involuntary movements (as well as more speeded actions) suggesting a stronger effect on involuntary actions. Involuntary movements occurred more frequently under conditions of sound suggesting that the arousing stimulus enhanced the involuntary components more than the voluntary components. This increase in involuntary movements could be occurring because, during conditions of arousal, the involuntary component is strengthened and won the race (i.e., Munoz and Everling 2004) more often relative to a non-aroused system. Alternatively, the inhibition of the involuntary component necessary to execute the voluntary movement (i.e., Kristjánsson et al. 2004 ) is not occurring as the involuntary component is too powerful under arousal conditions to be inhibit. In either case, the present data suggests more influence of arousal on involuntary than voluntary processes. The effect of increased involuntary actions in our data, likely driven by arousal, is similar in kind to data gathered by Kissler and Keil (2008) . Kissler and Keil had participants make an antisaccade away from either a positive or negative valence picture that was also highly arousing. Compared to antisaccade rates during a low arousal, neutral stimulus, participants made more prosaccadic errors to both the positive and negative valence stimuli. This data suggests that the valence of the stimulus might not be important in producing an increase in involuntary actions, but rather the arousal is critical to increasing involuntary, automatic actions. In short, what we have shown in the present data is an enhanced involuntary system by arousing stimuli.
While arousal seems to be beneficial to involuntary eye movements (c.f., Kristjánsson et al. 2004, Exp. 5) , other aspects of attention may be useful for the voluntary system. In Posner and Boies' (1971) originally classification, they distinguished between capacity limits and arousal (see also, Posner and DiGirolamo 1999) . Capacity limits are frequently thought of as a limited and finite resource for cognitive processes that can not easily be split between competing processes (Posner and DiGirolamo 1998) . In contrast to arousal, when capacity limits are taxed in an antisaccade task, antisaccades are speeded (e.g., Kristjánsson et al. 2001) . Kristjánsson, Chen and Nakayama (2001) suggested that the involuntary component in the antisaccade task (programming a prosaccadic error) requires capacity; therefore, distracting capacity from this process facilitates the voluntary antisaccade. Hence, this aspect of attention plays a critical role in voluntary eye movements. In the current data, we show similar effects when the sound and go signal are presented simultaneous; participants strategically make more voluntary movements. In contrast, at 500 ms SOA, arousal facilitated the involuntary eye movements.
Our results support the effects of arousal on early response selection in the absence of improvement in quality of sensory information. If arousal led to better processing of the visual stimulus, then involuntary sRTs would indeed be speeded, but voluntary sRTs would have correspondingly slowed due to the increased difficulty in overcoming the stronger prosaccade tendencies (Kristjánsson et al. 2004 ). Since voluntary sRTs and involuntary sRTs are both reduced by the sound, early response selection must be working faster and independently for both the voluntary and involuntary movement. However, arousal facilitates the response selection for the involuntary component. One obvious reason for this may be the difference in neuroanatomical locations and connection of the voluntary and involuntary eye movement network. Voluntary saccades rely more on parietal and frontal cortical areas, while involuntary saccades rely more on the subcortical superior colliculi structures (e.g., Mort et al. 2003) . Given the anatomical proximity and reciprocal connections between the superior colliculus and the reticular formation (Chen and May 2000) , involuntary saccades may benefit more because of these direct neuroanatomical pathways. As such, involuntary eye actions may be more susceptible to arousal than other involuntary actions because of these neuroanatomical connections, though both eye blink reflexes and stretch reflexes in the limbs are also increased by arousal.
Involuntary eye movements being influenced more strongly by the sound than voluntary ones may have implications for everyday action. In today's high-stimulation environment, most people experience daily periods of high arousal. In these situations, one may be more likely to respond to the powerful stimuli in the environment with a well-learned response rather that a strategic voluntary one. Of course, the current data is limited to involuntary eye movements, but work from our lab (DiGirolamo et al. 2015 (DiGirolamo et al. , 2016 suggests that this task may be a good marker of more relevant and destructive responding to powerful stimuli in the environment (i.e., drug stimuli in addiction). Other factors (e.g., from genetics to impulsivity) may influence the intensity and the extent that arousal (one component of attention) will drive involuntary actions. Our data suggests that arousal increases the chances of an involuntary, but well-learned, response to a powerful stimulus, but the extent of that influence based on individual variation and generalization to other responses remains unknown.
